The primary focus of this exposure assessment work involved developing an exposure model and determining a numerical point estimate of the amount of biologically relevant nitrate / nitrite exposure that occurred for each child in the study. This assessment was done in support of two epidemiological studies. The first study was an epidemiological cohort study ( three cohorts based on nitrate / nitrite exposure ) that explored the relationship between high nitrate / nitrite exposure and neuropsychological development. The second study was a nested case / control study ( cases of methemoglobinemia versus disease -free controls ) that sought to explore the relationship between MHG and various risk factors for the disease. Methods: This work uses both dietary survey and environmental sampling and modeling in order to develop two point estimates of nitrate exposure in milligrams per kilogram per day of nitrite ( the biologically active form of the hemoglobin -oxidizing agent ) for the first 6 months of the child's life ( 2 -months -of -age and 6 -months -of -age point estimates ). Methodologies included proxy interviews of primary caregivers, review of existing medical and environmental sampling and analysis. Results: Exposure to nitrate -nitrogen ( with final calculations converted to the biologically active form of the toxin, nitrite ) was categorized as high, medium, and low as determined from the distribution of the data derived from final exposure calculations at both the 2 -months -of -age point estimate and at the 6 -months -of -age point estimate. These tertiles correspond to !1.5 mg / kg / day nitrite -nitrogen for high -exposure individuals, < 1.5 -!0.1 mg / kg / day for medium -exposure individuals, and < 0.1 mg / kg / day for low -exposure individuals. Analyses illustrate that over 90% of the nitrate exposure occurred through the consumption of liquids ( water ) at the 2months -of -age point estimate while at the 6 -months -of -age point estimate, a 10 -fold change in the amount of solid consumables occurred. Conclusions: Final exposure calculations were well differentiated into three tertiles based on a point estimate of average daily intake of nitrite in milligrams per kilogram body weight per day at roughly 2 and 6 months of age. These categories of exposure, based on the exposure model point estimate, correspond well with the exposure estimates as estimated only on the basis of cohort status and their corresponding nitrate / nitrite well water levels. Comparisons of these two sets of data illustrate that following the MHG incident, Cohort II shifted places with Cohort I to become the high -exposure cohort. Further, the predictive ability of the exposure assessment in regard to the outcome of MHG was estimated using a Likelihood Ratio and Pearson's Crosstab analysis. This was performed on the 2month -of -age point estimate. Likelihood Ratio and Pearson's chi -square were 39.40 and 33.74, respectively, with a probability of achieving these fits by chance alone of < 0.0001. This indicates clearly that the children who experienced MHG were also the children at the 2 -month -of -age point estimate who had received the highest exposure to nitrate / nitrite through their diet.
Introduction and background
During the early 1990s, the countries of Eastern Europe were experiencing a political renaissance, opening many previously politically isolated regions to intellectual, economic, and political exchange. As a result, many opportunities for partnerships and joint research to address environmental degradation, general lack of economic development, and technological stagnation began to be recognized by both Eastern European and Western scien-tists, economists, and political analysts (Lenkova and Vargova, 1994; Trnovec et al., 1996 ) . This has created opportunities to investigate the environment and environmental health impacts that do not exist on such a broad scale, and, to such a degree, in the more developed countries of the West.
Children in many of the counties of Transylvania Region, Romania, experience a greater risk of consuming water high in nitrate than do children in the US. This results from housing practices, socioeconomic status of the populace overall, and reliance on shallow wells for potable water in the rural villages of this region ( Ayebo et al., 1997 ) . These risk factors contribute to an incidence rate of methemoglobinemia ( MHG ), or acute nitrate poisoning, of 366 /100,000 population in some of the counties of Transylvania Region (Ayebo et al., 1997 ) . MHG is a potentially fatal disorder of the hemoglobin molecule caused by the molecule's interaction with nitrite ( Klaassen, 1996 ) . This exposure renders the molecule unable to bind with oxygen and useless for transporting oxygen to the body's cells (Kross and Ayebo, 1991 ) . Most researchers believe that this exposure results from ingesting nitrate / nitrite through dietary means, although others have postulated that it is related to endogenous production of nitrite ( Avery, 1999 ) . The nested case / control study that this work supports, which is one of the two epidemiological elements that this exposure assessment supported, looked at MHG risk factors, such as ingestion of nitrate / nitrite in the diet.
The primary focus of this exposure assessment work involved developing an exposure model and determining a numerical point of the amount of biologically relevant nitrate /nitrite exposure that occurred for each child in the study. This assessment was done in support of two epidemiological studies. The first study was an epidemiological cohort study ( three cohorts based on nitrate / nitrite exposure ) that explored the relationships between high nitrate /nitrite exposure and neuropsychological development. The second study was a nested case /control study ( cases of MHG versus disease-free controls ) that sought to explore the relationship between MHG and various risk factors for the disease. Both of these studies were carried out in the Transylvania Region of Romania using the same group of children as subjects in both studies. The nested nature of the case /control study means that the cohorts ( individuals sorted according to exposure levels) who made up the retrospective cohort study were also used to obtain cases and controls for the ''nested'' case/ control study.
The methodology developed in this project also allowed researchers to classify individual children's exposures to nitrate /nitrite into high, medium, and low cohorts categories based on exposure in milligrams of nitrite per kilogram of child's body weight per day ( henceforth, mg /kg /day ). This information was then used to support the pilot, retrospective cohort portion of the epidemiological work, which sought to determine if high nitrate exposure, and consequent MHG, has long -term consequences in regard to the children's neuropsychological development (Kross et al., 1996 ) . The possibility of long -term neurological impacts from nitrite exposure and anoxia first came under scrutiny as a result of studies indicating neurological deficit in children having suffered neurological insults resulting from conditions such as general hypoxias of varying etiology and neurological damage related to radiation therapy early in the development process (Petukhov and Ivanov, 1970; Taylor et al., 1987; Aylward, 1990; Aylward, 1993; Aylward et al., 1989; Viveiros and Tondat, 1978 ) . Studies in rats have also indicated that there may be link between prolonged -or high -nitrate exposure and delayed socialization behaviors and neurological excitability (Markel et al., 1989) .
Methods
This work uses both dietary survey and environmental sampling and modeling in order to develop two point estimates of nitrite exposure in milligrams per kilogram per day of nitrite (the biologically active form of the hemoglobin -oxidizing agent ) for the first 6 months of the child's life (Figure 1 ). Exposure assessment tools and approaches were tailored to meet the needs of the particular study protocol (Armstrong, 1995; Bearer, 1995; EPA, 1995 ) . The tools and approaches developed were tuned to be sensitive to both the cultural specifics of the group under study and the peculiarities of the research subjects -in this case infants and children (Bearer, 1995; EPA, 1995 ) .
Methodologies included proxy interviews of primary caregivers, review of existing medical and environmental records, direct experimentation, and biological and environmental sampling and analysis. The survey instrument was constructed after reviewing the literature on MHG, identifying foods that might contribute to high nitrate levels in the body, discussing sociocultural factors with Romanian research team members, and considering nitrate sources in the environment and its metabolism and distribution in the body.
While dietary recall surveys can produce up to a 36% underestimate of the true dietary intake, certain design features of this survey aided in the accuracy of reconstructed dietary intake (Baranowski, 1991; Livingstone, 1992 ) . These design features included structured questions carefully followed by the interviewer ( Bradburn et al., 1997) . Further, structured dietary questions provided an opportunity for the interviewee to respond separately to food category, amount, and frequency, and the use of structured recall techniques contributed to increased recall accuracy (Bradburn et al., 1997 ) . Structured recall techniques used in this study included asking the subject a salient event in her / his life, in this instance an illness in the child, and the time at which more solid foods were introduced. Fortunately from the perspective of this study, both the MHG events and the introduction of more solid foods in the typical Romanian infants diet occurred during the second or third month of the child's life.
Subjects
The study group consisted of a total of 71 children from the Transylvania Region of Romania, inclusive of the countries of Statu -Mare, Bistrita -Nasaud, Mures, Maramures, Alba, and Salaj. Twenty-six children, both male and female, were recruited via local public health authority /hospitalization records on the basis of having experienced a case of MHG into the Cohort I/Cases study group. In regard to the retrospective cohort study, MHG was used as an indicator of high -nitrate exposure; in regard to the case / control study, MHG was the outcome of interest. Forty -five additional children, frequency matched with the cases on the basis of age ( 5 years ), age at MHG incident (approximately 2 months), and gender, were also recruited from local public health authority files (kept on every individual in each county or judetl) into Cohorts II, III (distinguished on the level nitrate /nitrite in their well water ) and Controls ( having no MHG experience ). Exclusion criteria were applied to all children and included age (5 years ), Romanian speakers, absence of previous neurological insult or physiological insult that could lead to neurological complications such as head injury, lead poisonings, polio, severe malnutrition, anemia, and birthweight < 2000 g. Study participants were comparable on age, time at MHG incident, and gender mix (Cohort I/ Cases M 40%, F 60%; Cohort II, III / Controls, M 47%, F 53% ). Once identified, participants were contacted, provided with information concerning the study, full informed consent was obtained, and they were scheduled for interview and sample collection.
Exposure Survey Instrument The interview survey instrument consisted of 10 pages taking no longer than 1 h to administer. The form included an area to sketch the yard and well, noting pertinent locations for the well, compost and manure piles, pit latrines, animal pens and other sources of potential nitrate contamination. In addition, a checklist was designed to provide quality control for the interview process. This was attached to the front of each questionnaire. The survey was carefully translated into Romanian by Romanian/English -speaking scientists, reviewed by senior research personnel from both the Romanian and American research teams, and beta -tested in the field on four subjects. The survey instrument and dietary recall history were identical among Cohorts I, II, and III with the exception that Cohort I /Cases, in which a MHG case was experienced, were asked to recall dietary history from birth to MHG incident, and from incident to 6 months of life. The remaining two Cohorts II, III /Controls were asked to recall dietary history from birth to 2 months of life, and from 2 to 6 months of life. Despite these efforts, the information was elicited concerning past events and it should be born in mind that recall bias can introduce error into a study, no matter how well constructed (Greenberg et al., 1996; Petersen et al., 1994; Steenland and Deddens, 1997 ) . Table 1 illustrates the main points of the retrospective exposure assessment questionnaire developed to elicit information on broad areas relevant to assessment of exposure to nitrate.
In addition to designing the survey instrument to control for bias and consequent misclassification, the exposure assessment was designed to detect potential, known confounders and effect modifiers, which could bias the study. Questions focusing on the mother's prenatal and the infant's exposures to lead, organic solvents, organic chemicals, smokes, vapors, etc., were supported by the sampling of water, food, stool, and blood (Table 1) ( NRC, 1987; EPA, 1988 ) . Unfortunately, the clinically relevant biomarker for nitrate /nitrite exposure, high methemoglobin level in the blood, provides only imprecise evidence of exposure prior to and during the MHG episode as it is a temporary elevation that the body begins to excrete quickly (Hartman, 1982; Mbanugo et al., 1990; Stolwijk, 1995 ) .
Urinalysis also provides only minimal information concerning excretion amount and, possibly, rate (Ellis et al., 1998 ) . Further, Romanian public health authorities do not routinely measure blood methemoglobin levels in healthy children. Thus, clinical information on controls was unavailable. Without a clinical biomarker available for controls, reconstruction of exposure through dietary history for each of the cohorts was the best possible means of determining exposure. Fortunately, the level of nitrate in water during the MHG incident was unavailable from the Romanian Sanitary Police (now know as local public health authorities ) records in most cases and these authorities were able to identify and sample nitrate levels in drinking water of all cohorts.
Assumptions and Variability
For purposes of this study and in support of the retrospective cohort study, two periods of exposure were important. The time of the MHG incident and /or 2 ( in controls ) and 6 months of age (all cohorts ). The challenge was to reconstruct, as accurately as possible, a point estimate of the infant's exposure at these times. Nitrite is widely distributed in the body but not bioaccumulating ( Wagner et al., 1983; Bartholomew and Hill, 1984) . Thus, focusing on the feeding history is the best method of obtaining a point estimate of exposure measured as an average daily dose in milligrams per kilogram per day. This point estimate allowed for separation of the individual exposures into tertiles. Exposures from multiple dietary sources were considered arithmetically cumulative, and each source of exposure was evaluated separately. For purposes of the model, the liquid and solid exposures were considered separately and then summed together to obtain a final exposure value. All exposures were considered by weight consumed or on a wet weight basis as nearly all of the literature, indicating levels of nitrates in foodstuffs, are given in these terms ( EPA, 1997 ) . Values of nitrates in solid foods, milk, and juices were derived from Romanian established values, whenever possible, although a larger data base of food values was also constructed from the available literature ( Liedtke and Meloan, 1976; Walker, 1990; Fritsch and Saint Blanquat, 1992; Vitozzi, 1992; Meah et al., 1994; Vlad, 1997 ) and used when Romanian values were not available. Table 2 ) provides both the basis mathematical approaches to the exposure assessment and an example of exposure calculated for an actual study subject.
The general mathematical underpinnings used in constructing the exposure equation were based on a summed factorial approach ( EPA, 1997 ). The equation was constructed and written into a data base format. These questions and their answers, i.e., the assumptions, are outlined in Table 3 . At least two approaches to validation were possible in this particular study. If the exposure assessment is valid, exposure should be fairly predictive of outcome. In other words, does the category of high exposure predict MHG? Thus, using a Likelihood Ratio or Pearson's test, comparison of the tertiles of exposure to the presence or absence of MHG should indicate a significant degree of risk for MHG in the high -exposure tertile. Further, an analysis of variance (ANOVA ) performed on the grouped means of the high -, medium -, and low -exposure categories should indicate that the assessment was able to segregate exposures into categories that are significantly different from one another. And finally, no cases of MHG should appear in the lowexposure category.
The general equation provided in Table 2 is bounded by certain degrees of variability. To characterize the variability or degrees of uncertainty in the point estimates, it would be valuable to note the uncertainty bounds for the general equation provided in Table 2 . Two types of possible distance between the point estimate of exposure and the true estimate of exposure are present in any exposure assessment, especially one that relies on reconstruction of past exposures, uncertainty, and variability (EPA, 1997 ) .
In this work, there are seven different areas where variability in the equation would lend itself to an influence on the accuracy of the actual point estimate. These seven areas are discussed from the perspective of the equation as a whole and the data set as a whole rather than on an individual point -estimate -by -point -estimate basis, due to the literature -derived nature of some values (i.e., nitrate values in foodstuffs ). Further, these will be discussed from the perspective of most -to -least variable within the general equation.
(1 ) Of the available pharmacokinetic studies, only a handful indicate the appropriate bioconversion factors for nitrate to nitrite in both solid and liquid foods for the child ( Cingi et al., 1992; Fritsch and Saint Blanquant, 1992; Borawska et al., 1996 ) . Since this literature does not provide high and low ranges or standard deviations of mean values, these bioconversion factors must be considered the greatest possible point of variability (EPA, 1997 ).
(2 ) The derived values of nitrate in foodstuffs, which can vary by as much as 12.8 -500 mg / kg ( ppm ) SD, depending on the foodstuff ( including nutrient beverages such as milk ). This is likely influenced by growing conditions, nitrate levels in soil, and storage duration and conditions of harvested produce (Liedtke and Meloan, 1976; Walker, ( Â ) Indicates a multiplication operation; ( / ) indicates a division operation. Bcf = boiling concentration factor ( 0.05 + 0.02Âmin ); ml = liquids, milliliters; g = solid, grams; NO 2 -Ncf = nitrate -to -nitrite bioconversion factor ( 0.05 solids, 0.10 liquids ); l n = additional liquid / solid exposures in ml / mg; ppm = milligrams per liter; wt = kilograms, kilograms of body weight; all liquid and solid measures are as consumed. Frequency and amount of consumption were calculated during the coding of individual surveys. For references supporting bioconversion factors, boiling effects, etc., see Table 3 . ( Cox et al., 1979; Davis et al., 1993; Dalefield and Oehme, 1997 ) 
Does not occur None
Nitrate leaching from foods due to cooking ( experimentation; Czarnicka, 1993; Wieczorek et al., 1994; Huarte -Mendicoa, 1996 ) Not significant Could slightly overestimate if nitrate leaching is found to be significant in future testing Bioconversion factors, nitrate to nitrite in the gut ( Cingi et al., 1992; Fritch and Saint Blanquat, 1992; Borawska et al., 1996 ) 0.10 for liquids 0.05 for solids Current conservative estimates from literature Weights of infants, at 2 -6 months of age ( EPA, 1997 ) Estimated using US values Conservative, as US rates of gain are likely to be higher than Romania's (Dewey, 1998; Vlad, 1999) Water quality for cases following incident ( imputation from existing data; Levey and Lemeshow, 1999 ) Used mean of low group as high exposure was eliminated following MHG incident Conservative as it assumes lowest exposure following incident Solid / liquid food concentration of nitrate in parts per million ( i.e., Liedtke and Meloan, 1976; Walker 1990; Fritsch and Saint Blanquat, 1992; Vitozzi, 1992; Meah et al. 1994; Vlad, 1997 ) 
Mean or median of values in literature Conservative
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( 3) The individual amount of ingested liquids in the diet, considered as a whole, varied from 13.6 ml, SD for juice to 204.8 ml, SD for formula at the 2 -month point estimate, to 20.6 ml, SD for juice to 263 ml, SD for formula at the 6month point estimate.
( 4) Solid food intake varied, in this study, from 2.8 g, SD for sarmale ( Romanian ethnic food ), to 20.03 g, SD for carrots at the 2 -month point estimate, and from 3.3 g, SD for cold cuts, to 60.4 g, SD for beets at the 6-month point estimate.
( 5) Analyzed nitrate values in well water also varied. This would be derived from the quality control standard around the mean for nitrate analysis of 10-25% of the true mean, which in this case would vary from 3.075 mg /l, SD in the lowest exposure cohort, to 58.25 mg /l, SD in the highest exposure cohort ( Greenberg et al., 1992 ) .
( 6) Percent loss in liquid volume, used in the boiling concentration factor calculation, is rather small at 7.9 SD.
( 7) Finally, the variation in the recorded weights of children would include a variation around the true mean of about 0.5 kg, SD at the 2 -and 6 -month point estimates ( EPA, 1997 ) .
Thus, the two greatest points of variability in the general equation would include the bioconversion factors reported in the literature and the levels of nitrates in foodstuffs, while this could influence the point estimate of exposure by a magnitude of tens of parts per million in either direction; importantly, the relative magnitude between exposure groups should remain the same due to equal treatment in the exposure analysis.
Potential Biases Affecting Exposure Classification
This exposure assessment was, by necessity, a retrospective reconstruction of actual exposures occurring approximately 4 1 /2 years in the past at the time of the study. The focus of recall was a highly salient event in the life of the proxy -the first 6 months of their infant's life. Despite this, the literature notes that difficulty in recalling past dietary practices could underestimate actual dietary consumption by 36% or less ( Baranowski, 1991; Livingstone, 1992 ) . Further, the possibility exists that recall for the individuals in Cohort I/Cases was better due to the infantile MHG incident. While some bias in recall due to the length of time between events and reconstruction of exposure is possible, the questionnaire was designed to provide structured options tailored for the common Romanian dietary items ( both food and beverage ) during that period of life.
To examine the possibility of recall bias significantly confounding the exposure assessment, recall bias between cases and controls was ''spot -checked'' by evaluating the amounts of Chi feeding (an Eastern European tea and one of the two most important contributors of nitrate enrichment via preparation water ) identified by multivariate analysis (Coggon, 1995 ) . The mean reported liters consumed of the Cases /Cohort I and Controls/Cohorts II and III were compared to determine if they were significantly different using ANOVA (or its equivalents, t-test and Turkey -Kramer ) comparison of grouped means (see Figure 2 ). No significant differences between these groups were found, providing confidence that differential recall bias among the cases and controls is at a minimum (P > À 0.5138 ).
Analysis of Findings
Gross calculation of exposure was completed and represented by each fraction of liquid and solid consumable, presented as frequencies. Canonical analysis and descriptive statistics were used to examine the relative significance of each source of exposure from both liquids and solids across all exposures in both the 2-and the 6 -month age groups. ANOVA was used to examine the sorting of exposures into high -, medium -, and low -exposure categories, and to determine the distributions of these categories as distinctly different based on the exposure assessment point estimate. Finally, chi -square test was applied to determine how predictive of MHG episode the exposure assessment point estimate was.
Results
Exposure Categories
Exposure to nitrate -nitrogen (with final calculations converted to the biologically active form of the toxin, nitrite) was categorized as high, medium, and low as determined from the distribution of the data derived from 
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final exposure calculations at both the 2-months -of -age point estimate and at the 6-months -of -age point estimate.
These tertiles correspond to 91.5 mg / kg/day nitritenitrogen for high -exposure individuals, < 1.5-90.1 mg / kg /day for medium -exposure individuals, and <0.1 mg / kg /day for low -exposure individuals. These distributions were evaluated by grouped means to determine if the tertiles adequately described three separate categories of exposure.
ANOVA results indicate significant difference among the means of the three tertiles, although the degree of difference between the highest-exposure category and the mediumand low-exposure category was so great that analysis of the medium and low -exposure category was conducted separately to evaluate differences between the means. This process was also completed for the Cohorts as originally selected ( I, II, III ), without sorting according to absolute value of the point estimate of exposure, to provide a means of comparison, as application of the exposure assessment rearranged the Cohorts to a certain degree on the basis of exposure. In particular, Cohort II tended to redistribute when the exposure values were sorted with some highexposure individuals moving into Cohort I and others dropping down to Cohort III. Also, a few individuals in Cohort III moved up into Cohort II. Further, it is interesting and important to note that Cohort II clearly became the long -term, high -exposure cohort post -MHG incident as environmental and dietary interventions were taken by the parents of the MHG cases, namely the provision of a low nitrate water supply. Table 4 provides a summary of these findings.
While the mean exposure levels of the Cohorts (I, II, III ), based on nothing more than levels of nitrate in their water supplies, and the means of the high -, medium -, and low -exposure categories, derived from the calculated exposure assessment considering both liquid and solid dietary elements, differ somewhat, the calculated point estimate derived from exposure modeling is still largely predictive of the Cohort's as evidenced by the degree to which the exposure assessment predicts the original Cohorts and vice versa. A chi -square comparison of the sorting of individuals according to both cohort and exposure classification indicated a P value of < 0.0001, indicating the good, predictive ''fit'' of the exposure assessment. Gross calculation of exposure was completed and represented by each fraction of liquid and solid consumable, presented as frequencies ( Table 5 ). Multivariate analysis was used via the canonical analysis technique of each individual exposure ranking compared to the amount of consumables (both food and beverage ) from which they were derived. Canonical analysis generates centroid values, representing the weight that each portion of the diet carries for the exposure groups overall, irregardless of any individual outlier. The centroid values indicate the degree to which the individual dietary components contributed to exposure as distributed across all exposures. Using canonical analysis, major nitrate sources in the diet are identified easily ( Figures 3 and 4 ) . These analyses were completed for both the 2-months -of -age point estimate and for the 6-months -of -age point estimate. Exposures for solid versus liquid consumables, as percent of overall exposure, were calculated based on the categorical exposure assessment data and are also presented in Table 5 ).
Findings indicate which components of the diet contributed the most to the overall exposure, mainly beverages via the use of high nitrate -containing water in their preparation. Further, these analyses illustrate that over 90% of the nitrate exposure occurred through the consumption of liquids (water) at the 2-months -of -age point estimate while at the 6 -months-of -age point estimate, a 10 -fold change in the amount of solid consumables occurred (Table 5 ).
Conclusions and discussion
Final exposure calculations were well differentiated into three tertiles based on a point estimate of average daily intake of nitrite in milligrams per kilogram body weight per day at roughly 2 and 6 months of age. These ranges corresponded to !1.5 mg /kg body weight /day nitritenitrogen for high -exposure individuals, <1.5 -!0.1 mg / kg /day for medium -exposure individuals, and <0.1 mg / kg /day for low-exposure individuals. The means for the three groups at the 2 -months-of -age point estimate were 10.7 ± 1.5, 0.5± 1.6, and 0.1± 2.3 mg /kg /day of exposure, respectively. The means for the three groups at the 6months-of -age point estimate were 3.6± 0.3, 0.7 ±0.1, and 0.03 ± 0.01 mg /kg /day of exposure, respectively. Analysis of tertile means for the high -, medium -, and low -exposure classifications indicated significant difference between the groups ( ANOVA, one way, <0.0001) for both point estimate groups (2 and 6 months of age ). The presence of a number of very highly exposed individuals in the highexposure group raises the possibility of creating four categories of exposure: very high, high, medium, and low.
These categories of exposure, based on the exposure model point estimate, correspond well with the exposure estimates as estimated only on the basis of cohort status and their corresponding nitrate / nitrite well water levels. Point estimates of exposure for Cohort I ( cases ), Cohorts II and III ( controls ) for the 2-months -of -age group were 10.7 ± 1.7, 2.3 ± 1.9, and 0.3± 1.8 mg / kg/day, and the point estimates of exposure for the 6 -months-of -age group were 0.89 ± 0.3, 2.4± 0.33, and 0.73± 0.32 mg /kg/ day.
Comparisons of these two sets of data illustrate that following the MHG incident, Cohort II shifted places with Cohort I to become the high -exposure cohort due to parents finding alternative sources of drinking water. This information illustrates that the most chronically, 
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long -term -exposed group of children is not necessarily the same children experiencing MHG. This points to the existence of two different exposure scenarios of clinical significance. In the first, the long -term, high -nitrate / nitrite exposure cohort proves to be Cohort II, the medium group over 6 months of moderately high exposure, and in the second, the 2 -month-of -age high -exposure group, which experiences a case of MHG. In this second case, Cohort I, the high -exposure group, can be viewed as having the most concentrated acute exposure leading to an anoxic episode.
In the earlier exposures, 2 -month-of -age point estimate, formula, and Chi (tea ) are the leading contributors to total nitrate /nitrite exposure due to their water content. In the latter exposures, 6-month -of -age point estimate, formula ( water ), and beets contribute most to the nitrate / nitrite exposure although undiluted cow's milk and a variety of other solid foods, such as potatoes, become significant contributors also at that age. Encouraging mothers to feed other food items rather that beets or carrots would significantly reduce nitrate /nitrite exposure in the 6months-of-age exposure group. If economics and availability are a concern, switching beet consumption with carrot consumption, still relatively high in nitrates but lower than beets and readily available in Romanian markets, is one option for reducing nitrate /nitrite exposure in the older group. Further, encouraging mothers not to offer infants less than 2 months of age mashed solid foods would also decrease nitrate / nitrite exposures as would the use of low nitrate /nitrite water sources.
Finally, the predictive ability of the exposure assessment in regard to the outcome of MHG was estimated using a Likelihood Ratio and Pearson's Crosstab analysis. This was performed on the 2 -month -of-age point estimate. Likelihood Ratio and Pearson's chi -square were 39.40 and 33.74, respectively, with a probability of achieving these fits by chance alone of < 0.0001. Individual cell chi -square values indicate that the greatest amount of reassortment based on exposure assessment occurred in the mediumexposure category or in Cohort II ( controls ). This indicates clearly that the children who experienced MHG were also the children at the 2-month -of -age point estimate who had received the highest exposure to nitrate /nitrite through their diet. Analysis of the exposure assessment findings also indicates clearly that water contain nitrate / nitrite in the diet, whether in the form of formula or Chi.
Results from this study are also applicable to the US. Concern with health effects of nitrates consumed in drinking water is far from being totally eliminated in the US. In fact, a startling number of wells throughout the US farm belt have water containing nitrate that exceeds the US Environmental Protection Agency limit of 10 mg /l nitrate -nitogen ( Johnson and Kross, 1990; Kross et al., 1993 ) . Of wells in South Dakota, which were not drilled to over 40 m deep, 39% contained nitrate levels that exceeded the EPA limits (Johnson and Kross, 1990 ). An infant death due to MHG occurred in South Dakota as late as 1987 (Johnson et al., 1987; Kross et al., 1992 ) . Further, experts in the field of water treatment indicate that MHG is grossly underreported and misdiagnosed in the US ( Meyer, 1996 ) . At least 15% of the wells across the Midwestern US exceeds the federal nitrate limits (Meyer, 1996 ) . Surface waters are also experiencing an unprecedented increase in the amount of nitrogen, with the Mississippi River experiencing a doubling of nitrogen content from 1965 to the present, increasing from less than 1 ppm concentration to nearly 3 ppm concentration at analysis stations just above Alton, Illinois (Vitousek et al., 1997 ) . Further, tributary rivers of the Mississippi in the farming states of Iowa and Minnesota have experienced levels in excess of 5 ppm (Vitousek et al., 1997 ) . Due to these factors, it is clear that concerns about nitrate /nitrite exposure will remain a concern for some time to come and that good exposure assessments are needed to augment epidemiological studies in this area.
